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By combining MILC(multi-leaf collimator) files modified technique
and respiratory instruct technique, we made MLC motion and target
phantom study the safe margins can be reduced.

1

motion synchronized.

In this study, organ motion simulation machine designed to simulate
the organ motic Codak EDR-2 film were d to record the dose
distribution. Pr 1d isodose curv ied from film were

compared to verity the results of this study.

The profiles and isodose curves of synchronized fields coincide with
those fields without target motion.

The synchronization technique reduced the penumbra regions which
enlarged from respiration. Meanwhile, it enlarged the 95% field width, so



that the safe margins around PTV reduced and lower the radiation
complication.
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E-+ % & # #/5% IMRT(Intensity Modulated Radiation
Therapy)
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File Rev=G

Treatment = Dynamic Dose
Last Name = CY

First Name = FAN

Patient ID = 1626436B
Number of Fields = 320
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Carriage Group = 1
Operator =
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MLC Model Varian
Millennium MLC
Max retract 20.1cm
Max Over-center -20 cm
Leaf Spread 15 cm
Min. Leaf Speed 1.2 cm/sec
Max. Leaf Speed 2.5 cm/ sec
221 5 EXET R RE U
segment] segment2 segment3
leaf Position leaf Position leaf Position
(cm) (cm) (cm)
10A 13.1 10A 15.2 10A
15A 0.1 15A 1.11 15A
2.2 FENEDT R INBEEF U hb]F o
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% 4 & RPM (Real-time Position
Management Respiratory Gating System) %
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# 2z 5475 % (Multi-Leaf Collimator and
Respiration Synchronized Radiation
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#include <string.h>
#include <stdio.h>
#include <stdlib.h>

#include <math.h>

/*#define SEEK_SET 0%/

#define MAXFIELD 400

#define MAXLEAVES 60

#define ysz 400 //output image sige

#define xsz 400 //field size mm

#define A 20. //max. width of mlc right side
#define B -20. //max. width of mlc  left side
#define DX 0.1 //increament for scanning leave

#define GRAY 10 //graylevel for simulate dose
#define INCRE .3  //leave increament value mm
#define PROGRESSIVE 3 //# of leave riggle

#define GAP .2 //gap between leave

// modify parameter
#define doserate 400. //dose rate mu per min.

#define totmu 200. //total given mu per this field

#define vup 0.739 //breath up motion velocity cm/sec
#define vdown —0.744 //breath down motion velocity cm/sec
#define uptime 3.6 //breath up motion time sec
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#define downtime 3.6 //breath down motion time sec

1

char Field Rev[80], Treatment[80], LastName[80], FirstName[80], PatID[80];

char EmptyLinetmp[80], FieldNotmp[80], Indextmp[80], CarGrouptmp[80];

char Operatortmp[80], Collimatortmp[80],CRC[80];

char Notetmp[80], Shapetmp[80], MAGNIF[80],CarGroup[80], NOTE[80],SHAPE[80];
int No_Field, No_Leaves;

float Tolerance, index MAXFIELD];

struct LEAVE {
float AP; //position of leave A
float BP;
float AV;  // velocity of leave A

float BV;

}
MLCleave[MAXLEAVES|[MAXFIELD],MODIFY[MAXLEAVES|[MAXFIELD],MODIFY 1[MAXL

EAVES][MAXFIELD];  //MLC[leave No][Field No]

FILE *MLCHfile,*output, *CUMUOUT,*CUMUOUT?2,*output2,*MLC,*modifymlc;

void read MLC(FILE *, struct LEAVE MLCleave[MAXLEAVES][MAXFIELD]);
void put MLC(FILE *, struct LEAVE MLCleave[MAXLEAVES][MAXFIELD]);
void graph(struct LEAVE newleave[ MAXLEAVES][MAXFIELD]);

void triangle MLC();

void rectang_mlc(float,float,float,float);

void modify mlc();
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short MATRIX[ysz][xsz], TEMP[xsz];
unsigned char *fimg;

short *timg;

char inputfile[]= "d:\\devc++4\\slid40.mlc";

char outputfile[]= "d:\\devc++4\\slidout.mlc";

char modifyfile[]= "d:\\devc++4\\modify.mlc";

char segimg[]= "d:\\devc++4\\segimg.img";

char sumimg[]= "d:\\devc++4\\sumimg.img";

char segimg?2[]= "d:\\devc++4\\segimg2.img"; // modified image

char sumimg2[]= "d:\\devc++4\\sumimg2.img"; // modified sum image

main(void)

int 10,j0,1Li,k,j,bin=0, ptr=0;

float
APOLBPOLTEST,DUMMY,DUMMYA=0.,DUMMYB=0.,C,D,LEA[MAXLEAVES],LEB[MAXLEA
VES],CPOI,DPOI;

float
DIFFA=0.,DIFFB=0.,AVEA,AVEB,DIFFAB[MAXLEAVES],DIFFBA[MAXLEAVES];

MLCfile=fopen(inputfile,"r");
MLC=fopen(outputfile,"w");
modifymlc=fopen(modifyfile,"w");
output=fopen(segimg,"wb");
CUMUOUT=fopen(sumimg,"wb");
output2=fopen(segimg2,"wb");

CUMUOUT2=fopen(sumimg2,"wb");
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read MLC (MLCfile, MLCleave);

T T
/" fimg =( unsigned char *) malloc(xsz*ysz*No_Field);
!/ timg = (short *)malloc(xsz*ysz*2);

I for(i=0; i<xsz*ysz; i++)timg[i]=0;

/I for(i0=0; i0<ysz; i0++) {
// for(j0=0; jo<xsz; jO++) {
// MATRIX[i0][j0]=0;
// }

// }

T T

I graph( MLCleave);

// fseek(CUMUOUT, 0, 0);
// fwrite(timg, 2, xsz*ysz, CUMUOUT);
// fseek(output, 0, 0);

!/ fwrite(fimg, 1, xsz*ysz*No_Field, output);

/Il free(fimg); free(timg);

T T

// triangle MLC ();

1 put MLC(MLC, MLCleave);

T T
rectang_mlc (-0.5,5.0,0.5,-5.0);
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put MLC(MLC, MLCleave);
s

modify mlc ();

put MLC(modifymlc, MLCleave);
s

free(fimg); free(timg);

fclose(MLCfile);fclose(MLC);

fclose(output); fclose(CUMUOUT);

fclose(output2); fclose(CUMUOUTR);

/Isystem("PAUSE");

return 0;

void read MLC (FILE *mlcfile, struct LEAVE mlcleaff MAXLEAVES]|[MAXFIELD])
{
char temp1[80], temp2[80], temp3[80], temp4[80], ctemp[80];
float ftmp;

int i0, jO;

fseek(mlcfile, 0, SEEK SET);
fgets(Field Rev, 80, micfile); // read one line a time
fgets(Treatment, 80, micfile);
fgets(LastName, 80, mlcfile);
fgets(FirstName, 80, micfile);
fgets(PatID, 80, micfile);

/lprintf(" %s\n %s\n %s\n", LastName, FirstName, PatID);
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fgets( ctemp, 80, mlicfile);
sscanf (ctemp, "%s %s %s %s %d\n", &temp1, &temp2, &temp3, &temp4, &No_Field);
//Number of Fields = 28
// printf(" No of field %d\n", No_Field);
if(No_Field > MAXFIELD) {
//printf(" No of filed exceed %d\n", MAXFIELD);

exit(0);

fgets( ctemp, 80, mlicfile);

sscanf (ctemp, "%s %s %s %s %d\n", &templ, &temp2, &temp3, &temp4,
&No_Leaves);

/lprintf(" No of leaves %d \n", No_Leaves);
No Leaves = No_Leaves/2;
if(No_Leaves > MAXLEAVES) {
//printf(" No of leaves exceed %d\n", MAXLEAVES);

exit(0);

fgets( ctemp, 80, mlicfile);

sscanf (ctemp, "%s %s %f\n", &templ, &temp2, & Tolerance);

for(10=0; i0<No_Field; i0++) {
fgets( EmptyLinetmp, 80, mlcfile); // empty line
fgets( FieldNotmp, 80, mlicfile); // Field No
fgets( Indextmp, 80, micfile); // Index
sscanf( Indextmp, "%s %s %f\n", &templ, &temp2, &index[i0]);
fgets( CarGrouptmp, 80, mlicfile); // Carriage Group

// sscanf( CarGrouptmp, "%s %s %s %d\n", &templ, &temp2, &temp3,
&CarGroupl[i0]);
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fgets( Operatortmp, 80, micfile);// Operator
fgets( Collimatortmp, 80, micfile);  // Collimator

// sscanf( Collimatortmp, "%s %s %f\n", &templ, &temp2, &Collimator[i0]);
for(j0=0; j0<No_Leaves; j0++) {
fgets( ctemp, 80, mlcfile);  // MLC line
sscanf (ctemp, "%s %s %s %f\n", &templ, &temp2, &temp3, &ftmp);
//Leaf S5A=-5.19
mlcleaf[jO][i0].AP = ftmp;
H
for(j0=0; j0<No_Leaves; jO++) {

fgets( ctemp, 80, mlcfile);  // MLC line

sscanf (ctemp, "%s %s %s %f\n", &templ, &temp2, &temp3, &ftmp);
//Leaf 5B=15.19

mlcleafljO][i0].BP = ftmp;

/[***% Position of Leaf B is reversed to have unified coordinate system

fgets( NOTE, 80, micfile); // Note

// sscanf( Notetmp, "%s %s %d\n", &templ, &temp2, &NOTEJi0]);
fgets( SHAPE, 80, mlcfile); // Shape

// sscanf( Shapetmp, "%s %s %d\n", &templ, &temp2, &SHAPE[i0]);

fgets( MAGNIF, 80, micfile); // Magnification

// sscanf( Magtmp, "%s %s %f\n", &templ, &temp2, &MAGNIF[i0]);

fgets( EmptyLinetmp, 80, mlcfile); // empty line
fgets( CRC, 80, micfile); // Magnification
// printf(""read end");

/Isystem("PAUSE");
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return;

void put MLC (FILE *mlcfile, struct LEAVE mlcleaff MAXLEAVES][MAXFIELD])

char temp1[80], temp2[80], temp3[80], temp4[80], ctemp[80];
float ftmp;

int i0, j0;

fseek(mlcfile, 0, SEEK SET);
fputs(Field Rev, mlcfile); // put one line a time
fputs(Treatment, mlcfile);
fputs(LastName, mlcfile);
fputs(FirstName, mlcfile);
fputs(PatID, micfile);
fprintf(mlcfile,"Number of Fields = %d\n",No_Field);
fprintf(micfile,"Number of Leaves = %d\n",No_Leaves*2);

fprintf(mlcfile,"Tolerance = %f\n", Tolerance);

for(10=0; i0<No_Field; i0++) {
fprintf(micfile,"\n");  // empty line
fprintf(mlcfile,"Field = segment %d\n",i0+1); // Field No
if (10==0) fprintf(mlcfile,"Index = %d\n", 0);
else
fprintf(micfile,"Index = %f\n", index[i0]);
fputs(CarGrouptmp, milcfile);
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fputs(Operatortmp, micfile);  // Operator

fputs(Collimatortmp, mlcfile);

for(j0=0; j0<No_Leaves; j0++) {
fprintf(mlcfile,"Leaf %2dA = %5.2f\n",j0+1,mlcleaf[j0][i0].AP);

/lprintf(" j0= %d A=%f\n", jO,mlcleaf[j0][i0].AP);

for(j0=0; j0<No_Leaves; j0++) {
fprintf(mlcfile,"Leaf %2dB = %5.2f\n",j0+1,mlcleaf[j0][i0].BP);

/I printf(" j0= %d B=%f\n", jO,mlcleaf[j0][i0].BP);

fputs(NOTE, micfile); // Note
fputs(SHAPE, milcfile); // Shape

fputs(MAGNIF, mlicfile); // Magnification

/I system("PAUSE");

fprintf(mlcfile,"\n");

fputs(CRC,mlcfile);

return;

void graph(struct LEAVE newleave[ MAXLEAVES][MAXFIELD])

int 10,j0,1ILi,k,j,bin=0;
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float APOLLBPOL TEST,DUMMY,C,DIFF;

for(10=0; i0<No_Field; i0++) {

for(j0=0; j0<No_Leaves; jO++) {

for(I1I=0;1I<xsz;1I++)TEMP[11]=0;

APOI=newleave[j0][i0].AP;

BPOI=newleave[j0][i0].BP;

TEST= fabs(APOI)-fabs(BPOI);

if(fabs(TEST) <= 0.1)

{

/% printf("test<.1 APoi=%f BPoi=%f\n",APOL,BPOI);

DUMMY = -(BPOI);

C=B;

for(i=0;i<xsz;i++){

TEMPJ[i]=0;

goto OUT;

else
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/*printf("test>.1 APoi=%f BPoi=%f\n",APOLBPOI);*/
C=B;
BPOI= (BPOI)* -1;
if( BPOI <0.)

{

for(i=0;i<xsz;i++){
C +=DX;

if( C > (BPOI) && C < APOI)TEMP[i]=GRAY:

}
H
H
OUT:
for(k=0;k<10;k++) { /*& i@ LEAF % ICM A~ & 10 {74 {7 lmm */
for(j=0;j<xsz;j++){ /%% {7 40cm & = 400 & pixel 25 400*400 pixel
% i3 pixel Imm* mm */
MATRIX[k+j0*10][j]= TEMPJj];
H
H
/* printf("i0=%d j0=%d AP=%f

BP=%f\n",i0,j0,newleave[j0][i0]. AP,newleave[jO][i0].BP);

printf("test=%f\n", TEST);
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system("PAUSE"); */

} /¥ loop & - 2 leaf % - & 0-9 2 % — 12 leaf 390-399 % % 40 §? leaf */

i=0; /* index*/
if(i0 == 0) DIFF=0;,
else

DIFF= (index[i0]-index[i0-1])*1000.;

for(k=0;k<ysz;k++) { // row of image
for(j=0;j<xsz;j++){ // colum of image
fimg[bin++]= MATRIX[K][j]; // image file of all field

timg[i++] += (MATRIX[k][j]*DIFF); // image sum of all feild

}

} /*loop of count field no */

return;

void triangle MLC ()

{
int 10,j0;
float MIDDLE, STEPDIS,BI=-10.0,AF=10.0;
MIDDLE =(AF+BI)/2.0; // middle line

STEPDIS = (AF-BI)/(No_Field-1) ; //step distance
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for(i0=0; i0<No_Field; i10++) { // B-leaf coord. transfer to abs.
for(j0=0; j0<No_Leaves; jO++){
MLCleave[j0][i0].BP = -MLCleave[j0][i0].BP;

// printf("i0=%d j0=%d BP=%f\n",i0,j0,MLCleave[j0][i0].BP);

for(j0=0; j0<No_Leaves; j0++) { /Mirst field pos
MLCleave[j0][0]. AP=MIDDLE;

MLCleave[j0][0].BP=BI;

// printf("i0=0 j0=%d
BP=%f\n",j0,MLCleave[j0][0].AP,MLCleave[j0][0].BP);
H
for(j0=0; jO0<No_Leaves; jO++) { /Nast field pos

MLCleave[j0][No Field-1].AP=AF;

MLCleave[j0][No_Field-1].BP=MIDDLE;

//printf("i0=%d j0=%d
BP=%f\n",No_Field-1,j0,MLCleave[jO0][No_Field-1].AP,MLCleave[j0][No_Field-1].BP);
H
for(i0=1; i0<(No_Field-1); i0++) { //other field

/fprintf("i0= %d MIDDLE

AP=%f

AP=%f

MLCleave[1][i0-1].BP-STEPDIS-GAP=%f\n",i0, MIDDLE - MLCleave[1][i0-1].BP-STEPDIS-GAP);

if((MIDDLE - MLCleave[1][i0-1].BP-STEPDIS)>= GAP) { /Meft side

for(j0=0; j0<No_Leaves; j0++) {

MLCleave[j0][i0].AP = MIDDLE;
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MLCleave[jO][i0].BP = MLCleave[j0][i0-1].BP + STEPDIS;

/! printf("1:10=%d j0=%d
BP=%f\n",i0,j0,MLCleave[j0][i0].AP,MLCleave[j0][i0].BP);

}

else { //right side
for(j0=0; j0<No_Leaves; jO++) {
MLCleave[jO][i0].AP = MLCleave[j0][i0-1].AP + STEPDIS;
MLCleave[j0][i0].BP = MIDDLE,;

// printf("i0=%d 10=%d
BP=%f\n",i0,j0,MLCleave[j0][i0].AP,MLCleave[j0][i0].BP);

}
}
}
for(i0=0; i0<No_Field; i0++) { // B-leaf coord. transfer to file
for(j0=0; j0<No_Leaves; j0++){
MLCleave[j0][i0].BP = -MLCleave[j0][i0].BP;
}
}

//printf("TRIANGLE\n");
// system("PAUSE");

return;
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void modify mlc ()
{
int 10,j0;
float cyctime, tottime, acutime =0,v[No_Field-1], totshift=0;
// cyctime : breathing cycle time sec
/Itottime : field total time sec
// acutime : accumulate time of segment sec
// v[] : segment velocity cm/sec
// totshift : accumulate distance cm
float segtime, segmu; // segtime :  per segment interval motion time

// segmu : mu per segment interval

// doserate = doserate /60. ; / mu/min to mu/sec

cyctime = uptime + downtime;

tottime = totmu/doserate*60 ; //sec

segtime = tottime/(No_Field-1);

segmu = totmu/(No_Field-1) ; //mu between segment

/lprintf("  submu=%f totalmu=%f no_field= %d\n",segmu,totmu,No_Field-1);
/lprintf("  cyctime=%f tottime=%f \n",cyctime,tottime);

/Isystem("PAUSE");

//
for(i0=1; i0<No_Field; i0++) { 11 Fv[i]
acutime = acutime + segtime
if(acutime < uptime) v[i0] = vup;
else if(acutime < cyctime) v[i0] = vdown;
else {

acutime = acutime - cyctime;
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v[i0] = vup;

}

v[i0] = v[i0]/doserate*60; // cm/sec to cm/mu

for(i0=0; i0<No_Field; i0++) { // B-leaf coord. transfer to abs.
for(j0=0; j0<No_Leaves; j0++){

MLCleave[j0][i0].BP = -MLCleave[j0][i10].BP;

for(i0=1; i0<No_Field; i0++) { //modify position
totshift = totshift + v[i0]*segmu ; // + i segment % 4 2 =45
for(j0=0; j0<No_Leaves; jO++) {
MLCleave[jO][i0].AP = MLCleave[jO][i0]. AP + totshift;

MLCleave[jO][i0].BP = MLCleave[j0][i0].BP + totshift;

// system("PAUSE");
for(i0=0; i0<No_Field; i0++) { // B-leaf coord. transfer to file
for(j0=0; j0<No_Leaves; jO++){
MLCleave[j0][i0].BP = -MLCleave[j0][i0].BP;
}
}
// printf("modify\n");
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// system("PAUSE");

return;

void rectang_mlc(float x1,float y1,float x2,float y2){
// (x1,y1) : upleft, (x2,y2) : lowright
float lowleaf, upleaf;

int i0,j0;

lowleaf = 20+floor(y2);
upleaf =21+ ceil(yl);
/printf("x1=%f y1=%f x2=%f y2=%f low=%{f up=%f\n",x1,y1,x2,y2,lowleaf,upleaf);

// system("PAUSE");

// B-leaf coord. transfer to abs.
for(i0=0; i0<No_Field; i0++) {
for(j0=0; j0<No_Leaves; jO++){

MLCleave[j0][i0].BP = -MLCleave[j0][i0].BP;

// leaf position
for(10=0; i0<No_Field; i0++) { //modify position
for(j0=0; j0<No_Leaves; jO++) {
if (jO+1 > lowleaf && jO+1<upleaf){
MLCleave[j0][i0].AP = x2;
MLCleave[j0][i0].BP = x1;
H
else {
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MLCleave[jO][i0].AP = 0;
MLCleave[j0][i0].BP = 0;

}

// B-leaf coord. transfer to file
for(10=0; i0<No_Field; i0++) {
for(j0=0; j0<No_Leaves; j0++){

MLCleave[j0][i0].BP = -MLCleave[j0][10].BP;

}
printf("modify\n");
system("PAUSE");

return;

131



1975 §i g 2R £ ¥

1978 )it Bikip WP £ ¥

1981 57 - ¢ & ¥

1985 L+ H4m % B ¥

1988 W3 §F beieit B it F & # Lf7
1997 & ¥ % & 2 b o g Lk bt e T8

132



